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(54) DRAM Capacitor and method of manufacturing the same 

(57) An underlying conductive film made of iridium 
and having a thickness of about 0.1 fim is formed in a 
contact hole formed in an insulating film covering a tran- 
sistor formed in a substrate, except in the top portion of 
the contact hole. The underlying conductive film covers 
the sidewall portions of the contact hole and the top sur- 
face of the drain region but does not completely fill in the 
contact hole. A plug made of platinum is filled in the con- 
tact hole up to the top portion thereof. Over the contact 
hole of the insulating film, there is formed a capacitor 
composed of a lower electrode made of platinum, a 
capacitor insulating film made of SrBi 2 Ta 2 09, and an 
upper electrode made of platinum in contact relation 
with the respective upper ends of the underlying con- 
ductive film and the plug. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 5 
tor device having a contact hole (connection hole) 
formed in an insulating film on a substrate. More partic- 
ularly, the present invention relates to a semiconductor 
device having a semiconductor memory such as a 
DRAM or ferroelectric memory wherein a semiconduc- 10 
tor element and a capacitor are electrically connected to 
each other via a plug within the contact hole and a man- 
ufacturing method therefor. 

[0002] As recent semiconductor memory devices 
have increased in integration scale, attention has been is 
given to technology for integrating, in a semiconductor 
substrate, a capacitor having a capacitor insulating film 
made of a dielectric with a dielectric constant of 30 or 
more (hereinafter referred to as a high dielectric), 
thereby providing a sufficient amount of charge accu- 20 
mulated in the capacitor used in a memory cell. Atten- 
tion has also been given to a so-called ferroelectric 
memory using a ferroelectric in a capacitor insulating 
film as a nonvolatile memory operable with a low volt- 
age at a high speed. As a high dielectric or ferroelectric. 2$ 
there has been used a dielectric material composed of 
a metal oxide such as Ta 2 0 5 , SrBi 2 Ta 2 0 9 , or Ba^. 
x Ti0 3 (where x satisfies 0 ^ x ^ 1), so that the develop- 
ment of technology for integrating such a dielectric into 
a semiconductor substrate is essential to the implemen- 30 
tation of a ferroelectric memory. 
[0003] A description will be given to a conventional 
semiconductor memory device with reference to the 
drawings. 

[0004] Figure 9 shows a cross-sectional structure of 35 
the conventional semiconductor memory device. As 
shown in Figure 9. a transistor 107 is formed in the 
region of a substrate 101 made of p-type silicon doped 
with a group III element which is isolated by an isolation 
film 1 02. The transistor 1 07 is composed of: a gate elec- 40 
trode 104 made of polysilicon and formed on the sub- 
strate 101 via a gate insulating film 103 made of a 
silicon oxide (Si0 2 ); a source region 106: and a drain 
region 105. Each of the source region 106 and drain 
region 1 05 is formed in an upper portion of the substrate 45 
101 along the gate length of the gate electrode 104 and 
doped with a group V element. 
[0005] A bit line 108 made of polysilicon is formed on 
the source region 106. The transistor 107 and the bit 
line 108 are covered with a Si0 2 insulating film 109. A so 
contact hole 109a is formed in the region of the insulat- 
ing film 109 overlying the drain region 105 and a plug 

110 made of polysilicon is filled in the contact hole 1 09a. 
[0006] A capacitor 1 14 consisting of a lower electrode 

111 made of platinum (Pt), a capacitor insulating film 55 

112 made of SrBi 2 Ta 2 0 9 . and an upper electrode 113 
made of platinum is formed on the insulating film 109 in 
such a manner as to cover the plug 1 10. A barrier layer 



115 for preventing platinum composing the lower elec- 
trode 111 from being diffused into the plug 110 is dis- 
posed between the lower electrode 111 and the plug 
110. An ohmic contact is made between the barrier 
layer 115 and the plug 110. 

[0007] After the semiconductor memory device is 
formed, an annealing process is normally performed 
with respect to the semiconductor memory device in an 
oxygen atmosphere such that the capacitor 114 excel- 
lently retains its properties. In the barrier layer 115, 
therefore, there is used a nitride such as titanium nitrfcfe 
(TiN) or an oxide such as iridium oxide (Ir0 2 ) which is 
less likely to oxidize the surface of the plug 1 1 0 made of 
polysilicon and unreactive to polysilicon and platinum in 
the lower electrode 111 during the annealing process. 
[0008] However, the conventional semiconductor 
memory device has the following problem. If titanium 
nitride is used in the barrier layer 115, the barrier layer 
115 is more likely to lose its conductivity because tita- 
nium nitride is oxidized by the annealing process, so 
that the electric connection between the transistor 107 
and the capacitor 114 becomes insufficient. 
[0009] If an oxide such as iridium oxide is used in the 
barrier layer 115, the upper surface of the plug 110 is 
exposed to an oxygen plasma and oxidized during the 
formation of the barrier layer 115, so that the plug 110 
loses its conductivity and the electric connection 
between the transistor 107 and the capacitor 114 also 
becomes insufficient. In either case, the problem is 
encountered that the semiconductor memory device is 
likely to incur a faulty operation. 

SUMMARY OF THE INVENTION 

[001 0] It is therefore an object of the present invention 
to solve the aforesaid conventional problem and impart 
high reliability to a contact hole for providing an electric 
connection between a semiconductor element formed 
in a substrate and another semiconductor element 
formed on an insulating film covering the semiconductor 
element. 

[001 1 ] To attain the object, the present invention uses 
a conductive film containing a platinum group element 
to compose a plug formed in the contact hole as a con- 
nection hole. In addition, the present invention provides 
a barrier layer made of a metal nitride between the sub- 
strate and the plug. 

[0012] Specifically, a first semiconductor device 
according to the present invention comprises: a sub- 
strate formed with a semiconductor element; an insulate 
ing film formed on the substrate, the insulating film 
having a connection hole and covering the semiconduc- 
tor element; an underlying conductive film formed in at 
least a lower portion of the connection hole and electri- 
cally connected to the semiconductor element; and a 
conductive film formed in an upper portion of the con- 
nection hole and containing a platinum group element. 
[001 3] In the first semiconductor device, each of the 
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underlying conductive film formed in at least the lower 
portion of the connection hole and the conductive film 
formed in the upper portion of the connection hole con- 
tains a platinum group element, so that the underlying 
conductive film and the conductive film are not oxidized 5 
or, if oxidized, retain conductivity in an annealing proc- 
ess performed in an oxygen atmosphere during the 
manufacturing of the first semiconductor device. As a 
result, an excellent electric connection is maintained 
among the underlying conductive film, the conductive 10 
film, and the semiconductor element, which improves 
the reliability of the device. 

[0014] In the first semiconductor device, the connec- 
tion hole preferably has a depth equal to or larger than 
a minimum diameter of the connection hole. This 15 
increases the scale of integration of the semiconductor 
elements, since the aspect ratio of the connection hole 
is higher than 1. 

[0015] Preferably, the first semiconductor device fur- 
ther comprises a dielectric film formed over the conduc- 20 
tive film. In the arrangement, the conductive film 
contains a platinum group element so that the upper 
end of the conductive film as the plug is used as the 
lower electrode of the capacitor without any alteration. 
This allows the omission of the step of forming the lower 25 
electrode and reduces the size of the capacitor formed. 
If the dielectric film is made of a ferroelectric, a nonvola- 
tile memory device can be implemented. 
[001 6] In the first semiconductor device, the conduc- 
tive film preferably expands over the portion of the insu- 30 
lating film surrounding the connection hole and has a 
top surface higher in level than an upper end of the con- 
nection hole. In the arrangement, the upper end of the 
conductive film protrudes from the upper end of the con- 
nection hole, which renders the upper end of the con- 35 
ductive film more likely to be used as the lower 
electrode of the capacitor. If an electroplating method 
using the underlying conductive film as an electrode is 
used, the conductive film forming the plug can be 
formed promptly on the underlying conductive film. 40 
[001 7] In this case, the semiconductor device prefera- 
bly further comprises a dielectric film formed over the 
conductive film. In the arrangement, if the upper end of 
the conductive film is used as the lower electrode of the 
capacitor, the dielectric film formed over the conductive 45 
film is used as the capacitor insulating film, the upper 
electrode is formed on the capacitor insulating film, and 
the capacitor can be formed reliably over the connection 
hole. 

[001 8] In this case, the semiconductor device prefera- so 
bly further comprises a capacitor formed on the insulat- 
ing film, the capacitor having a lower electrode 
composed of the conductive film and a capacitor insu- 
lating film composed of the dielectric film. If a transistor 
is used as the semiconductor element in the arrange- 55 
ment, a semiconductor memory device having excellent 
conduction between the transistor and the capacitor can 
be implemented. 
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[001 9] In the first semiconductor device, the conduc- 
tive film is preferably filled in the upper portion of the 
connection hole. This reduces the electric resistance of 
the conductive film and improves the operating proper- 
ties of the device. 

[0020] In this case, the conductive film preferably 
expands over the portion of the insulating film surround- 
ing the connection hole and has a top surface higher in 
level than an upper end of the connection hole; 
[0021] In this case, the first semiconductor device 
preferably further comprises a dielectric film formed 
over the conductive film. 

[0022] In this case, the first semiconductor device 
preferably further comprises a capacitor formed on the 
insulating film, the capacitor having a lower electrode 
composed of the conductive film and a capacitor insu- 
lating film composed of the dielectric film. 
[0023] In this case, the conductive film preferably has 
a substantially flat top surface, in the arrangement, even 
when a dielectric film is formed on the conductive film, 
the resulting dielectric film has a uniform thickness. If 
the dielectric film is used as the capacitor insulating film, 
the electric properties of the capacitor are improved. 
[0024] In the first semiconductor device, the underly- 
ing conductive film is preferably formed on a sidewall 
portion of the connection hole and at least a part of an 
end face of the underlying conductive film is substan- 
tially continued to an end face of the conductive film. In 
the arrangement, if the upper end (upper surface) of the 
conductive film is covered with a dielectric film, the 
underlying conductive film and the conductive film can 
be covered collectively, which improves the usability of 
the dielectric film as the capacitor insulating film. 
[0025] In this case, the conductive film is preferably 
filled in the upper portion of the connection hole. 
[0026] A second semiconductor device according to 
the present invention comprises: a substrate formed 
with a semiconductor element; an insulating film formed 
on the substrate, the insulating film having a connection 
hole and covering the semiconductor element; a con- 
ductive film formed in an upper portion of the connec- 
tion hole and containing a platinum group element; and 
a barrier layer formed in a lower portion of the connec- 
tion hole, the barrier layer having conductivity, being 
electrically connected to the semiconductor element, 
and preventing a constituent element of the conductive 
film from being diffused into the substrate. 
[0027] In the second semiconductor device, the con- 
ductive film containing a platinum group element is used 
as the plug, so that the same effect as achieved by the 
first semiconductor device can be achieved. Moreover, 
since the barrier layer for preventing the diffusion of the 
constituent element of the conductive film into the sub- 
strate is provided in the lower portion of the connection 
hole, the reaction between the platinum group element 
and the material of the substrate can be prevented, 
which further improves the operating properties of the 
device. 
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[0028] In the second semiconductor device, the bar- 
rier layer is preferably composed of a metal nitride. The 
arrangement surely prevents the diffusion of the plati- 
num group element into the substrate. 
[0029] The second semiconductor device preferably s 
further comprises an underlying conductive film formed 
between the barrier layer and the conductive film in the 
connection hole and containing a platinum group ele- 
ment. 

[0030] In the second semiconductor device, the con- 10 
ductive film preferably expands over the portion of the 
insulating film surrounding the connection hole and has 
a top surface higher in level than an upper end of the 
connection hole. 

[0031 ] In this case, the second semiconductor device 75 
preferably further comprises a dielectric film formed 
over the conductive film. 

[0032] In this case, the second semiconductor device 
preferably further comprises a capacitor formed on the 
insulating film, the capacitor having a lower electrode 20 
composed of the conductive film and a capacitor insu- 
lating film composed of the dielectric film. 
[0033] In the second semiconductor device, the con- 
ductive film preferably has a substantially flat top sur- 
face. 25 
[0034] In the semiconductor device, the underlying 
conductive film is preferably formed on a sidewall por- 
tion of the connection hole and at least a part of an end 
face of the underlying conductive film is substantially 
continued to an end face of the conductive film. 30 
[0035] In this case, the conductive film is preferably 
filled in the upper portion of the connection hole. 
[0036] A first method of manufacturing a semiconduc- 
tor device according to the present invention comprises: 
an insulating film forming step of forming an insulating 35 
film over a substrate formed with a semiconductor ele- 
ment such that the semiconductor element is covered 
with the insulating film; an underlying conductive film 
forming step of forming, after forming a connection hde 
in the insulating film, an underlying conductive film con- 40 
taining a platinum group element in at least a lower por- 
tion of the connection hole such that the underlying 
conductive film is electrically connected to the semicon- 
ductor element; and a conductive film forming step of 
forming a conductive film containing a platinum group 45 
element in an upper portion of the connection hole by 
an electroplating method using the underlying conduc- 
tive film as an electrode. 

[0037] In accordance with the first method of manu- 
facturing a semiconductor device, the use of, e.g., a so 
sputtering process in the underlying conductive film 
forming step allows the underlying conductive film to be 
formed over the entire surface of the insulating film 
including the sidewall portions of the contact hole and in 
the lower portion of the contact hole except in the upper ss 
portion thereof. If the underlying conductive film is used 
as the cathode in the subsequent step of forming a con- 
ductive film using the electroplating method, therefore, 



the connection hole can be filled promptly and reliably 
because the aspect ratio is higher than 1 even when it is 
difficult to fill the conductive film containing a platinum 
group element in the connection hole by physical vapor 
deposition such as sputtering. 
[0038] In the first method of manufacturing a semicon- 
ductor device, the electroplating method is preferably 
implemented by intermittently applying a voltage to the 
underlying conductive film. This ensures the formation 
of the conductive film since the ion concentration of a 
platinum group element is recovered during periods 
during which the application of a voltage to the underly- 
ing conductive film is intermitted. 
[0039] In the first method of manufacturing a semicon- 
ductor device, the underlying conductive film forming 
step preferably includes the step of forming the underly- 
ing conductive film on a sidewall portion of the connec- 
tion hole, the method further preferably comprising, 
after the conductive film forming step, a patterning step 
of pattering the underlying conductive film and the con- 
ductive film such that at least a part of an end face of the 
underlying conductive film is substantially continued to 
at least a part of an end face of the conductive film. In 
the arrangement, if the upper end (upper surface) of the 
conductive film is covered with a dielectric film, the 
underlying conductive film and the conductive film can 
be covered collectively, which improves the usability of 
the dielectric film as the capacitor insulating film. 
[0040] Preferably, the first method of manufacturing a 
semiconductor device further comprises, after the pat- 
terning step, the step of forming a dielectric film on the 
conductive film. In the arrangement, the upper end of 
the conductive film containing a platinum group element 
can be used as the lower electrode of the capacitor 
without any alteration. This allows the omission of the 
step of forming the lower electrode and reduces the size 
of the capacitor formed. If the dielectric film is made of a 
ferroelectric, a nonvolatile memory device can be imple- 
mented. 

[0041 ] A second method of manufacturing a semicon- 
ductor device according to the present invention com- 
prises: an insulating film forming step of forming an 
insulating film over a substrate formed with a semicon- 
ductor element such that the semiconductor element is 
covered with the insulating film; a barrier layer forming 
step of forming, after forming a connection hole in the 
insulating film, a barrier layer in a lower portion of the 
connection hole, the barrier layer having conductivity, 
preventing a constituent element of the conductive film 
formed in the connection hole from being diffused from 
the conductive film into the substrate, and being electri- 
cally connected to the semiconductor element; and a 
conductive film forming step of forming a conductive film 
containing a platinum group element in an upper portion 
of the connection hole. 

[0042] In accordance with the second method of man- 
ufacturing a semiconductor device, the barrier layer for 
preventing the diffusion of the constituent element of the 
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conductive film formed in the connection hole from the 
conductive film into the substrate is formed in the lower 
portion of the connection hole, so that the second sem- 
iconductor device according to the present invention is 
implemented reliably. 

[0043] In the second method of manufacturing a sem- 
iconductor device, the conductive film forming step pref- 
erably includes the steps of: forming an underlying 
conductive film containing a platinum group element on 
the barrier layer in the connection hole except in the 
upper portion of the connection hole; and forming the 
conductive film in the upper portion of the connection 
hole by an electroplating method using the underlying 
conductive film as ah electrode. If the underlying con- 
ductive film is thus formed over the entire surface of the 
insulating film including the sidewall portions of the con- 
nection hole and over the top surface of the barrier layer 
except in the upper portion of the connection hole and 
the underlying conductive film is used as the cathode, 
the connection hole can be filled promptly and reliably 
with the conductive film even when it is difficult to fill the 
conductive film containing a platinum group element in 
the connection hole by physical vapor deposition such 
as sputtering. 

[0044] A third method of manufacturing a semicon- 
ductor device according to the present invention com- 
prises: an insulating film forming step of forming an 
insulating film over a substrate formed with a semicon- 
ductor element such that the semiconductor element is 
covered with the insulating film; an underlying conduc- 
tive film forming step of forming, after forming a connec- 
tion hole in the insulating film, an underlying conductive 
film containing a platinum group element in at least a 
lower portion of the connection hole such that the 
underlying conductive film is electrically connected to 
the semiconductor element; a mask pattern forming 
step of forming, on the insulating film, a mask pattern 
having an opening located over the connection hole in 
the insulating film; a conductive film forming step of 
forming a conductive film containing a platinum group 
element in an upper portion of the connection hole by 
an electroplating method using the underlying conduc- 
tive film as an electrode and using the mask pattern; 
and an underlying conductive film patterning step of 
patterning, after removing the mask pattern, the under- 
lying conductive film such that a region of the underlying 
conductive film covered with the mask pattern is thereby 
removed. 

[0045] In accordance with the third method of manu- 
facturing a semiconductor device, the same effect as 
achieved by the first method of manufacturing a semi- 
conductor device can be achieved. Moreover, since the 
mask pattern for masking the insulating film except for 
the region corresponding to the connection hole is 
formed after the formation of the underlying conductive 
film, the conductive film containing a platinum group ele- 
ment can be filled reliably only in the upper portion of 
the connection hole in accordance with the electroplat- 



ing method using the underlying conductive film as a 
cathode in the subsequent conductive film forming step. 
In addition, it is no more necessary to pattern the con- 
ductive film. 

5 [0046] The third method of manufacturing a semicon- 
ductor device preferably further comprises, between the 
connection hole forming step and the underlying con- 
ductive film forming step, the step of forming a barrier 
layer in the lower portion of the connection hole, the bar- 

10 rier layer having conductivity and preventing a constitu- 
ent element of the conductive film from being diffused 
from the conductive film into the substrate. In the 
arrangement, the barrier layer prevents the reaction 
between a platinum group element and the constituent 

15 element of the material of the substrate, so that the 
operating properties of the device are further improved. 
[0047] The third method of manufacturing a semicon- 
ductor device preferably further comprises, after the 
underlying conductive film patterning step, the step of 

20 forming a dielectric film on the conductive film. In the 
arrangement, the upper end of the conductive film con- 
taining a platinum group element can be used as the 
lower electrode of the capacitor without any alteration. 
This allows the omission of the step of forming the lower 

25 electrode and reduces the size of the capacitor formed. 
If the dielectric film is made of a ferroelectric, a nonvola- 
tile memory device can be implemented. 
[0048] The third method of manufacturing a semicon- 
ductor device preferably further comprises, after the 

30 underlying conductive film patterning step, the step of 
forming, over the conductive film, a capacitor insulating 
film composed of a dielectric film and an upper elec- 
trode to form a capacitor constituted by a lower elec- 
trode composed of the conductive film, the capacitor 

35 insulating film, and the upper electrode. The arrange- 
ment allows the implementation of a semiconductor 
memory device wherein an excellent electric connection 
is provided between the semiconductor element in the 
substrate and the capacitor on the insulating film cover- 

40 ing the semiconductor element. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0049] 

45 

Figure 1 is a plan view showing a semiconductor 
memory device according to a first embodiment of 
the present invention; 

Figure 2 is a cross-sectional view showing the sem- 
so iconductor memory device according to the first 
embodiment, which has been taken along the line 
ll-ll of Figure 1; 

Figures 3(a) to 3(c) are cross-sectional views illus- 
trating individual process steps in accordance with 
55 a method of manufacturing the semiconductor 
memory device according to the first embodiment; 
Figure 4 is a cross-sectional view showing a semi- 
conductor memory device according to a second 
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embodiment of the present invention; 
Figures 5(a) to 5(c) are cross-sectional views illus- 
trating individual process steps in accordance with 
a method of manufacturing the semiconductor 
memory device according to the second embodi- s 
ment; 

Figure 6 is a plan view showing a semiconductor 
memory device according to a variation of the sec- 
ond embodiment; 

Figure 7 is a cross-sectional view showing a semi- 
conductor memory device according to a third 
embodiment of the present invention; 
Figures 8(a) to 8(c) are cross-sectional views illus- 
trating individual process steps in accordance with 
a method of manufacturing the semiconductor 
memory device according to the third embodiment; 
and 

Figure 9 is a cross-sectional view showing a con- 
ventional semiconductor memory device. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

[0050] Referring to the drawings, a first embodiment 25 
of the present invention will be described. 
[0051] Figure 1 shows a plan structure of a semicon- 
ductor memory device according to the first embodi- 
ment. Figure 2 shows a cross-sectional structure taken 
along tne line 11-11 of Figure 1. As shown in Figure 2, a 30 
transistor 17 is formed in the region of a substrate 11 
made of p-type silicon doped with a group III element 
which is isolated by an isolation film 12 composed of a 
LOCOS film or the like. The transistor 17 is composed 
of: a gate electrode 14 made of polysilicon and formed 35 
as a word line on the substrate 11 via a gate insulating 
film 13 made of Si0 2 ; a source region 16; and a drain 
region 15. Each of the source region 16 and drain 
region 1 5 is formed in an upper portion of the substrate 
11 along the gate length of the gate electrode 14 and 4c 
doped with a group V element. 
[0052] A bit line 18 made of polysilicon is formed on 
the source region 16. The transistor 17 and the bit line 
18 are covered with a Si0 2 insulating film 19 with a 
thickness of 0.8 urn. A contact hole 1 9a having a size on 45 
the order of 0.5 \irr\ x 0.5 urn is formed in the region of 
the insulating film 19 overlying the drain region 15. 
[0053] An underlying conductive film 20 made of an 
iridium (Ir), which is a platinum group element, and hav- 
ing a thickness of about 0.1 yim is formed in the contact so 
hole 10a except in the top portion thereof. The underly- 
ing conductive film 20 covers the sidewall portions of the 
contact hole 19a and the top surface of the drain region 
15 but does not completely fill in the contact hole 19a. A 
plug 21 as a conductive film made of platinum (Pt) is 55 
filled in the inner portion and top portion of the contact 
hole 19a. 

[0054] A capacitor 28 consisting of a lower electrode 



25 made of platinum and having a thickness of about 
0.1 urn, a capacitor insulating fflm 26 made of 
SrBi 2 Ta 2 0 9 and having a thickness of about 0.2 jim, 
and an upper electrode 27 made of platinum and having 
a thickness of about 0.2 Mm is formed over the contact 
hole 19a of the insulating film 1 9 in contact relation with 
the upper ends of the underlying conductive film 20 and 
the plug 21 . 

[0055] According to the first embodiment, the plug 21 
is composed of platinum which is resistant to oxidization 
during the annealing process performed with respect to 
the capacitor 28 in an oxygen atmosphere, so that elec- 
trical conduction between the transistor 17 and the 
capacitor 28 is not impaired even if oxygen is diffused in 
the plug 21 . Moreover, iridium which retains conductivity 
even if it is oxidized and effectively suppresses the diffu- 
sion of oxygen when it is oxidized is used in the under- 
lying conductive film 20, so that the drain region 15 
composed of silicon is prevented from being oxidized by 
diffused oxygen. This prevents a faulty conduction 
between the transistor 17 and the capacitor and 
ensures the operation of a semiconductor memory 
device in which transistors 17 and capacitors 28 as 
shown in Figure 1 are densely packed. 
[0056] A description will be given to a method of man- 
ufacturing the semiconductor memory device thus 
structured with reference to the drawings. 
[0057] Figures 3(a) to 3(c) show cross-sectional struc- 
tures of the semiconductor memory device in the indi- 
vidual process steps of the manufacturing method 
therefor according to the first embodiment. 
[0058] First, as shown in Figure 3(a), the specified iso- 
lation film 12 is formed in the substrate 11 made of p- 
type silicon and then the gate insulating film 13 com- 
posed of a thermal oxide film is formed over the entire 
surface of the substrate 11. Subsequently, a polysilicon 
film is deposited over the entire surface of the gate insu- 
lating film 13. The deposited polysilicon film is then pat- 
terned to form the gate electrode 14 made of 
polysilicon. Thereafter, arsenic (As) or phosphorus (P) 
is implanted into the upper regions of the substrate 11 
extending along the gate length by ion implantation 
using the gate electrode 14 as a mask such that the 
source region 16 and the drain region 15 are formed, 
whereby the formation of the MOS transistor 17 is com- 
pleted. 

[0059] Next, as shown in Figure 3(b), the bit line 18 
made of polysilicon is formed to be connected to the 
source region 16. As shown in Figure 1 , the bit line 18 is 
disposed to intersect the gate electrode 14. Thereafter, 
the insulating film 19 composed of a TEOS film or the 
like with a thickness of about 0.8 urn is deposited over 
the entire surface of the substrate 11 to cover the tran- 
sistor 17 and the bit line 18. Subsequently, dry etching 
is performed with respect to the region of the deposited 
insulating film 19 overlying the drain region 15, thereby 
forming, in the insulating film 19, the contact hole 19a 
having a size on the order of 0.5 urn x 0.5 urn as a con- 
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nection hole for exposing the drain region 15. 
[0080] Next, as shown in Figure 3(c), an iridium film 
20A with a thickness of about 0.1 um is deposited by 
sputtering over the entire surface of the insulating film 
19 including the sidewall portions of the contact hole 
19a and over the top surface of the drain region 15 
exposed in the contact hole 19a. Subsequently, the sub- 
strate 11 is immersed in a metal plating solution con- 
taining platinum ions and electrochemical deposition is 
performed by an electroplating method using the iridium 
film 20A as a cathode so that a platinum film 21 A is 
filled in the contact hole 19a up to the top portion 
thereof. During the process, if a voltage is applied inter- 
mittently to the electrode, the concentration of platinum 
ions in the contact hole 19a is recovered during periods 
during which the voltage is not applied, so that the elec- 
trochemical deposition to the inside of the contact hole 
19a is performed reliably. 

[0061] Thereafter, the iridium film 20A and the plati- 
num film 21 A formed on the insulating film 19 are 
removed by etch back method, whereby the underlying 
conductive film composed of the iridium film 20A filled in 
the contact hole 19a and the plug 21 composed of the 
platinum film 21 A are formed. Those films 20A and 21 A 
may be removed by chemical mechanical polishing 
(CMP). Subsequently, the lower electrode 25 made of 
platinum is deposited by sputtering or the like over the 
contact hole 1 9a to come in contact with the upper ends 
of the underlying conductive film 20 and the plug 21 , fol- 
lowed by the capacitor insulating film 26 made of 
SrBi 2 Ta 2 0 9 and the upper electrode 27 made of plati- 
num which are deposited successively by CVD or like 
method and by sputtering or like method, respectively. 
Thereafter, specified patterning is performed with 
respect to the deposited multilayer film, thereby forming 
the capacitor 28. Then, an annealing process at a tem- 
perature of 700 °C is performed in an oxygen atmos- 
phere at 1 atmospheric pressure, whereby the 
semiconductor memory device shown in Figures 1 and 
2 is obtained. 

[0062] Since the semiconductor memory device 
according to the first embodiment has the insulating film 
19 with a thickness of 0.8 um and the contact hole 19a 
which is 0.5 um square, the aspect ratio is higher than 
1 . In such a case, it is extremely difficult to fill a metal in 
the contact hole 19a by sputtering. However, since the 
present embodiment preliminarily forms, by sputtering, 
the iridium film 20A functioning as the underlying layer 
for plating on the sidewall portions of the contact hole 
19a and on the top surface of the drain region 15 and 
then forms the platinum film 21 A in the contact hole 1 9a 
by an electroplating method using the underlying layer 
as the electrode, the platinum film 21 A can be filled 
promptly and reliably in the contact hole 1 9a. 
[0063] Moreover, since the present embodiment 
planarizes the top surface of the insulating film 19 by a 
CMP method, the capacitor 28 and the lower electrode 
25 can be formed with no level difference, which 



improves the adhesion of the lower electrode 25 to the 
plug 21. Consequently, the electric properties of the 
capacitor 28 are improved and less likely to vary among 
the capacitors. Moreover, the diffusion of oxygen during 
5 the annealing process is suppressed, which allows the 
manufacturing of a stably operating semiconductor 
memory device. 

[0064] In the case where the underlying conductive 
film 20 is not formed, the substrate 1 1 itself maybe used 

10 properly as the cathode in forming the plug 21. In this 
case, since the platinum film 21 A is not electrochemi- 
cally deposited on the insulating film 19, the process of 
removing the platinum film 21 A by using a CMP method 
becomes unnecessary, which provides a simpler manu- 

is facturing process. 

[0065] If the aspect ratio of the contact hole 19a is 
smaller than 1 , the plug 21 may also be filled by sputter- 
ing. 



[0066] Referring to the drawings, a second embodi- 
ment of the present invention will be described. 
[0067] Figure 4 shows a cross-sectional structure of a 
semiconductor memory device according to the second 
embodiment. In Figure 4, the description of the same 
components as used in Figure 2 will be omitted by 
retaining the same reference numerals therefor. As 
shown in Figure 4, a plug 31 made of iridium is formed 
in a contact hole 19a for providing an electric connec- 
tion between the drain region 15 of a transistor 17 and a 
capacitor 28. A barrier layer 22 made of titanium nitride 
(TIN) with a thickness of 30 nm is formed between the 
plug 31 and the drain region 15 to prevent the diffusion 
of iridium composing the plug 31 into the substrate 1 1 . 
[0068] According to the second embodiment, iridium 
composing the plug 31 retains conductivity even when it 
is oxidized, so that electrical conduction between the 
transistor 17 and the capacitor 28 is not impaired even if 
oxygen is diffused into the plug 31 by an annealing proc- 
ess performed in an oxygen atmosphere. Moreover, 
since the barrier layer 22 is provided between the plug 
31 and the drain region 15, iridium composing the plug 
31 is prevented from being diffused into the drain region 
1 5. This prevents the formation of a reactive layer result- 
ing from the reaction between iridium and silicon at the 
interface between the drain region 1 5 and the plug 31 so 
that a semiconductor memory device excellent in oper- 
ating properties is surely obtained. 
[0069] To reduce the contact resistance between the 
barrier layer 22 and the drain region 15. a multilayer 
structure is preferably formed, in which the lower portion 
(closer to the substrate) of the barrier layer 22 is com- 
posed of titanium and the upper portion (closer to the 
plug) thereof is composed of titanium nitride. 
[0070] A description will be given to a method of man- 
ufacturing the semiconductor memory device thus 
structured with reference to the drawings. 
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[0071] Figures 5(a) to 5(c) show cross-sectional struc- iridium in the plug 31 from reacting with silicon in the 
tures of the semiconductor memory device in the indi- transistor 17. This allows the manufacturing of a semi- 
vidual process steps of the manufacturing method conductor memory device free from a faulty operation 
therefor according to the second embodiment. caused by the annealing process performed in an oxy- 
[0072] First, as shown in Figure 5(a), a specified iso- 5 gen atmosphere. Moreover, since the top surface of the 
lation film 12 is formed in the substrate 11 made of p- insulating film 19 is planarized by using CMP, the lower 
type silicon and then a gate insulating film 1 3 composed electrode 25 of the capacitor 28 can be formed with no 
of a thermal oxide film is formed over the entire surface lev©' cfifference, so that the adhesion of the lower elec- 
of the substrate 11. Subsequently, a polysilicon film is trode 25 to the plug 31 is improved, 
deposited over the entire surface of the gate insulating ic [0076] To deposit the iridium film 31 A, an electroplat- 
film 13. The deposited polysilicon film is then patterned ing method is used appropriately. Specifically, the sub- 
to form a gate electrode 14 made of polysilicon. There- strate 11 is immersed in a metal plating solution 
after, arsenic (As) or the like is implanted into the upper containing iridium ions and electrochemical deposition 
regions of the substrate 11 extending along the gate is performed till the iridium film 31 A is filled in the con- 
length by ion implantation using the gate electrode 14 15 tact hole 19a up to the top portion thereof. The use of 
as a mask such that the source region 1 6 and the drain the electroplating method allows the iridium film 31 A to 
region 15 are formed, whereby the formation of the be filled in the contact hole 19a promptly and reliably. 
MOS transistor 17 is completed. Moreover, since the iridium film 31 A is formed only 
[0073] Next, as shown in Figure 5(b), a bit line 18 within the contact hole 19a because of the insulating 
made of polysilicon is formed to be connected to the 20 film 19 used as a mask, the step of removing the iridium 
source region 16. Thereafter, an insulating film 19 com- film 31 A from the insulating film 19 by using the CMP 
posed of a TEOS film or the like with a thickness of method becomes unnecessary, which provides a sim- 
about 0.8 urn is deposited over the entire surface of the pier manufacturing process, 
substrate 11 to cover the transistor 17 and the bit line 

18. Subsequently, dry etching is performed with respect 25 VARIATION OF EMBODIMENT 2 
to the region of the deposited insulating film 19 overly- 
ing the drain region 15, thereby forming, in the insulat- [0077] Referring to the drawings, a variation of the 
ing film 19, the contact hole 19a for exposing the drain second embodiment of the present invention will be 
region 1 5 which has a size on the order of 0.5 urn x 0.5 described. 

urn. 30 [0078] Figure 6 shows a cross-sectional structure of a 
[0074] Next, as shown in Figure 5(c), the barrier layer semiconductor memory device according to the varia- 
22 composed of titanium nitride or a multilayer consist- tion of the second embodiment. In Figure 6, the descrip- 
ing of titanium and titanium nitride and having a thick- tion of the same components as used in Figure 4 will be 
ness of 30 nm is formed by sputtering on the portion of omitted by retaining the same reference numerals 
the drain region 15 exposed in the contact hole 19a. 3$ therefor. As shown in Figure 6, the semiconductor mem- 
Subsequently, an iridium film 31 A is deposited by sput- ory device according to the present variation has an 
tering over the entire surface of the insulating film 19 underlying conductive film 20 made of iridium and hav- 
including the sidewall portions of the contact hole 19a ing a thickness of about 0.1 urn between the sidewall 
and over the top surface of the barrier layer 22 such that portions of the contact hole 1 9a and the plug 31 and 
the contact hole 19a is filled with the iridium film 31 A. 40 between the barrier layer 22 and the plug 31. 
Thereafter, the iridium film 31 A formed on the insulating [0079] In the semiconductor memory device thus 
film 19 is removed by chemical mechanical polishing structured, an iridium film is deposited by sputtering 
(CMP), whereby the plug 31 composed of the iridium over the entire surface of the insulating film 1 9 including 
film 31 A filled in the contact hole 19a is formed. Subse- the sidewall portions of the contact hole 19a and over 
quently the capacitor 28 consisting of the lower elec- 45 the top surface of the barrier layer 22 after the step of 
trode 25, the capacitor insulating film 26, and the upper forming the contact hole shown in Figures 5. Then, elec- 
electrode 27 is formed over the contact hole 19a to troplating is performed by using the iridium film depos- 
come in contact with the upper end of the plug 31 . simi- ited on the insulating film 1 9 as a cathode and by using 
larly to the first embodiment. Then, an annealing proc- a metal plating solution containing iridium ions to fill the 
ess at a temperature of 700 °C is performed in an so iridium film 31 A in the contact hole 19a till the iridium 
oxygen atmosphere at 1 atmospheric pressure. film 31 A reaches the top portion of the contact hole 19a, 
whereby the semiconductor memory device shown in whereby the plug 31 is formed. 
Figure 4 is obtained. [0080] In forming the plug 31 by the electroplating 
[0075] Thus, the manufacturing method according to method, the present variation preliminarily forms the 
the present embodiment uses iridium which does not ss underlying conductive film 20 made of iridium over the 
lose conductivity even when it is oxidized for the plug 31 entire surface of the insulating film 1 9 including the con- 
in the contact hole 19a and provides the barrier layer 22 tact hole 19a, so that the iridium film 31 A is filled in the 
between the plug 31 and the substrate 11 for preventing contact hole more easily and promptly. In the present 
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variation also, the application of a voltage in the electro- 
plating method is performed preferably intermittently. 

EMBODIMENT 3 

[0081 ] Referring to the drawings, a third embodiment 
of the present invention will be described. 
[0082] Figure 7 shows a cross-sectional structure of a 
semiconductor memory device according to the third 
embodiment. In Figure 7, the description of the same 
components as used in Figure 2 will be omitted by 
retaining the same reference numerals therefor As 
shown in Figure 7, a plug 41 made of platinum is formed 
in a contact hole 19a for providing an electric connec- 
tion between the drain region 15 of a transistor 17 and a 
capacitor 28 which has a depth on the order of 0.8 urn. 
A barrier layer 22 made of titanium nitride with a thick- 
ness of about 30 nm is formed between the plug 41 and 
the drain region 15 via an underlying conductive film 20 
made of iridium and having a thickness of about 0.1 urn. 
[0083] The underlying conductive film 20 is formed not 
only on the top surface of the barrier layer 22 but also 
over the side portions of the insulating film 19 defining 
the sidewalls of the contact hole 19a and extensively 
over the top portion thereof surrounding the contact 
hole 19a. 

[0084] As shown in Figure 7, the upper end of the plug 
41 extends laterally over the underlying conductive film 
20 in a stacked relationship and is patterned to have 
end faces substantially continued to the end faces of the 
underlying conductive film 20 on the insulating film 19. 
Accordingly, the top surface of the plug 41 is higher in 
level than the upper end of the contact hole 19a by 
about 0.2 urn. 

[0085] Thus, the plug 41 has an extended portion 41a 
protruding, along with the underlying conductive film 20, 
over the insulating film 19. The capacitor 28 according 
to the present embodiment is characterized in that it 
uses the extended portion 41a as the lower electrode. 
[0086] According to the third embodiment, since the 
plug 41 is composed of platinum which is resistant to 
oxidization during the annealing process performed with 
respect to the capacitor 28 in an oxygen atmosphere, 
electrical conduction between the transistor 17 and the 
capacitor 28 is not impaired even when oxygen is dif- 
fused into the plug 41. On the other hand, since iridium 
retaining conductivity even if it is oxidized and prevent- 
ing the diffusion of oxygen is used for the underlying 
conductive film 20, the drain region 1 5 made of silicon is 
prevented from being oxidized by diffused oxygen. This 
prevents the occurrence of faulty conduction between 
the transistor 17 and the capacitor and ensures the 
operation of a semiconductor memory device that has 
been scaled down. 

[0087] Moreover, since the lower electrode of the 
capacitor 28 is formed integrally with the plug 41, the 
reaction occurring therebetween if the plug and the 
lower electrode are composed of different members can 



be prevented. 

[0088] The provision of the barrier layer 22 may be 
omitted to achieve a simpler manufacturing process. In 
this case, however, a slight reaction may occur between 
5 iridium in the underlying conductive film 20 and silicon in 
the substrate 11. 

[0089] A description will be given to a method of man- 
ufacturing the semiconductor memory device thus 
structured with reference to the drawings. 

10 [0090] Figures 5(a) to 5(c) show cross-sectional struc- 
tures of the semiconductor memory device in the indi- 
vidual process steps of the manufacturing method 
therefor according to the third embodiment. 
[0091 ] First, as shown in Figure 8(a). the specified iso- 

75 lation film 12 is formed in the substrate 1 1 made of p- 
type silicon and then a gate insulating film 13 composed 
of a thermal oxide film is formed over the entire surface 
of the substrate 11. Subsequently, a polysilicon film is 
deposited over the entire surface of the gate insulating 

20 film 13. The deposited polysilicon film is patterned to 
form a gate electrode 14 made of polysilicon. Thereaf- 
ter, arsenic (As) or the like is implanted into the upper 
regions of the substrate 11 extending along the gate 
length by ion implantation using the gate electrode 14 

25 as a mask such that a source region 16 and a drain 
region 15 are formed, whereby the formation of the 
MOS transistor 17 is completed. 
[0092] Next, as shown in Figure 8(b), a bit line 18 
made of polysilicon is formed to be connected to the 

30 source region 1 6. Thereafter, the insulating film 1 9 com- 
posed of a TEOS film or the like having a thickness of 
about 0.8 \im is deposited over the entire surface of the 
substrate 11 to cover the transistor 17 and the bit line 
18. Subsequently, dry etching is performed with respect 

35 to the region of the deposited insulating film 19 overly- 
ing the drain region 15, thereby forming, in the insulat- 
ing film 19, the contact hole 19a for exposing the drain 
region 1 5 which has a size on the order of 0.5 jimm x 
0.5 jim. 

40 [0093] Next, as shown in Figure 8(c), the barrier layer 
22 composed of titanium nitride or a multilayer consist- 
ing of titanium and titanium nitride and having a thick- 
ness of 30 nm is formed by sputtering on the region of 
the drain region 15 exposed in the contact hole 19a. 

45 Subsequently, an iridium film 20A with a thickness of 0.1 
urn is deposited by sputtering over the entire surface of 
the insulating film 19 including the sidewall portions of 
the contact hole 1 9a and over the top surface of the bar- 
rier layer 22. Thereafter, a resist pattern 42 having an 

so opening 42a corresponding to the contact hole 1 9a and 
the surrounding portion is formed on the iridium film 
20A by using a lithographic process. Subsequently, the 
substrate 11 is immersed in a metal plating solution 
containing platinum ions and the plug 41 made of plati- 

55 num is formed over the iridium film 20A including the 
portion covering the sidewall portions of the contact 
hole 19a and the portion surrounding the upper end of 
the contact hole 19a by an electroplating method using 
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the iridium film 20A as a cathode and using the resist 
pattern 42 as a mask. During the process, if a voltage is 
applied intermittently to the electrode, the concentration 
of platinum ions in the contact hole 19a is recovered 
during periods during which the voltage is not applied, 5 
so that the electrochemical deposition to the inside of 
the contact hole 19a is performed reliably. 
[0094] Next, the resist pattern 42 is removed and the 
region of the iridium film 20A covered with the resist film 
42 is removed to provide the end faces of the plug 41 10 
which are substantially flush with the end faces of the 
iridium film 20A on the insulating film 19. Subsequently, 
the capacitor insulating film 26 is formed on the plug 41 
in contact relation with the top surface of the plug 41 , fol- 
lowed by the upper electrode 27 formed thereon. 75 
whereby the capacitor 28 consisting of the lower elec- 
trode composed of the extended portion 41a of the plug, 
the capacitor insulating film 26, and the upper electrode 
27 is implemented. Then, an annealing process at a 
temperature of 700 °C is performed in an oxygen 20 
atmosphere at 1 atmospheric pressure, whereby the 
semiconductor memory device shown in Figure 7 is 
obtained. 

[0095] If the aspect ratio of the contact hole 19a is 
smaller than 1, the plug 41 may be formed by sputter- 25 
ing, instead of electroplating. In this case, if the resist 
pattern 42 is lifted off, the platinum film deposited on the 
resist pattern 42 can be removed simultaneously. 
[0096] Thus, in the manufacturing method according 
to the present embodiment, the region in which the plug 30 
41 made of platinum is to be deposited can be limited by 
using, as a mask, the resist pattern 42 having the open- 
ing 42a corresponding to the contact hole 19a and the 
surrounding portion on the insulating film 19, which 
allows the plug 41 for filling in the contact hole 1 9a and 35 
the lower electrode of the capacitor 28 to be formed 
simultaneously and provides a simpler manufacturing 
process. 

[0097] Although platinum or iridium is used in the 
plugs 21 , 31 , and 41 in the individual embodiments and 40 
the variation thereof, another platinum group element 
may also be used instead. For example, osmium (Os). 
palladium (Pd). rhodium (Rh) or ruthenium (Ru) may be 
used instead. It is also possible to use rhenium (Re), 
which is not a platinum group element Alternatively, an 45 
alloy of two or more of the foregoing elements may also 
be used. 

[0098] Although titanium nitride has been used for the 
barrier layer 22, another metal nitride may also be used 
instead. In particular, a nitride of a IV, V, or VI group so 
metal, such as tungsten nitride (WN) or tantalum nitride 
(TaN), is used preferably. 

[0099] Although SrBi 2 Ta 2 0 9 has been used for the 
capacitor insulating film 26 of the capacitor 28, a high 
dielectric such as Ta 2 Os or BaxSr^TiOa (where x satis- ss 
fies 0 § x s 1) or a ferroelectric such as PbZr y Ti 1 . y 0 3 
(where y satisfies 0 s y ^ 1) may also be used instead. 
[0100] A semiconductor element electrically con- 



nected via the plug is not limited to a transistor or a 
capacitor. For example, a semiconductor element such 
as a resistor may be provided in place of the transistor 
17. 

[01 01] Although p-type silicon has been used for the 
substrate 1 1 , n-type silicon may also be used instead. In 
this case, it will easily be appreciated that the source 
region 1 6 and the drain region 1 5 of the transistor 1 7 are 
formed by doping the substrate 11 with a III group ele- 
ment. 

Claims 

1 . A semiconductor device comprising: 

a substrate formed with a semiconductor ele- 
ment; 

an insulating film formed on said substrate, 
said insulating film having a connection hole 
and covering said semiconductor element; 
an underlying conductive film formed in at least 
a lower portion of said connection hole and 
electrically connected to said semiconductor 
element; and 

a conductive film formed in an upper portion of 
said connection hole and containing a platinum 
group element. 

2. The semiconductor device according to claim 1, 
wherein said connection hole has a depth equal to 
or larger than a minimum diameter of said connec- 
tion hole. 

3. The semiconductor device according to claim 1 , fur- 
ther comprising a dielectric film formed over said 
conductive film. 

4. The semiconductor device according to claim 1, 
wherein said conductive film expands over the por- 
tion of said insulating film surrounding said connec- 
tion hole and has a top surface higher in level than 
an upper end of said connection hole. 

5. The semiconductor device according to claim 4, fur- 
ther comprising a dielectric film formed over said 
conductive film. 

6. The semiconductor device according to claim 5, fur- 
ther comprising a capacitor formed on said insulat- 
ing film, said capacitor having a lower electrode 
composed of said conductive film and a capacitor 
insulating film composed of said dielectric film. 

7. The semiconductor device according to claim 1, 
wherein said conductive film is filled in the upper 
portion of said connection hole. 

8. The semiconductor device according to claim 7, 
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wherein said conductive film expands over the por- 
tion of said insulating film surrounding said connec- 
tion hole and has a top surface higher in level than 
an upper end of said connection hole. 

5 

9. The semiconductor device according to claim 8, fur- 
ther comprising a dielectric film formed over said 
conductive film. 

1 0. The semiconductor device according to claim 9, fur- 10 
ther comprising a capacitor formed on said insulat- 
ing film, said capacitor having a lower electrode 
composed of said conductive film and a capacitor 
insulating film composed of said dielectric film. 

15 

11. The semiconductor device according to claim 10, 
wherein said conductive film has a substantially flat 
top surface. 

12. The semiconductor device according to claim 1, 20 
wherein said underlying conductive film is formed 

on a sidewal) portion of said connection hole and at 
least a part of an end face of said underlying con- 
ductive film is substantially continued to an end face 
of said conductive film. 25 

13. The semiconductor device according to claim 12, 
wherein said conductive film is filled in the upper 
portion of said connection hole. 

30 

14. A semiconductor device comprising: 

a substrate formed with a semiconductor ele- 
ment; 

an insulating film formed on said substrate, 35 
said insulating film having a connection hole 
and covering said semiconductor element; 
a conductive film formed in an upper portion of 
said connection hole and containing a platinum 
group element; and 40 
a barrier layer formed in a lower portion of said 
connection hole, said barrier layer having con- 
ductivity, being electrically connected to said 
semiconductor element, and preventing a con- 
stituent element of said conductive film from 45 
being diffused into the substrate. 

15. The semiconductor device according to claim 14, 
wherein said barrier layer is composed of a metal 
nitride. so 

16. The semiconductor device according to claim 14, 
further comprising an underlying conductive film 
formed between said barrier layer and said conduc- 
tive film in said connection hole and containing a 55 
platinum group element. 

17. The semiconductor device according to claim 16, 



wherein said conductive film expands over the por- 
tion of said insulating film surrounding said connec- 
tion hole and has a top surface higher in level than 
an upper end of said connection hole. 

18. The semiconductor device according to claim 17, 
further comprising a dielectric film formed over said 
conductive film. 

19. The semiconductor device according to claim 18, 
further comprising a capacitor formed on said insu- 
lating film, said capacitor having a lower electrode 
composed of said conductive film and a capacitor 
insulating film composed of said dielectric film. 

20. The semiconductor device according to claim 19, 
wherein said conductive film has a substantially flat 
top surface. 

21. The semiconductor device according to claim 16, 
wherein said underlying conductive film is formed 
on a sidewall portion of said connection hole and at 
least a part of an end face of said underlying con- 
ductive film is substantially continued to an end face 
of said conductive film. 

22. The semiconductor device according to claim 21 , 
wherein said conductive film is filled in the upper 
portion of said connection hole. 

23. A method of manufacturing a semiconductor 
device, comprising: 

an insulating film forming step of forming an 
insulating film over a substrate formed with a 
semiconductor element such that said semi- 
conductor element is covered with the insulat- 
ing film; 

an underlying conductive film forming step of 
forming, after forming a connection hole in said 
insulating film, an underlying conductive film 
containing a platinum group element in at least 
a lower portion of said connection hole such 
that the underlying conductive film is electri- 
cally connected to said semiconductor ele- 
ment; and 

a conductive film forming step of forming a con- 
ductive film containing a platinum group ele- 
ment in an upper portion of said connection 
hole by an electroplating method using said 
underlying conductive film as an electrode. 

24. The method of manufacturing a semiconductor 
device according to claim 23, wherein said electro- 
plating method is implemented by intermittently 
applying a voltage to said underlying conductive 
film. 
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25. The method of manufacturing a semiconductor 
device according to claim 23, wherein said underly- 
ing conductive film forming step includes the step of 
forming said underlying conductive film on a side- 
wall portion of said connection hole, said method 5 
further comprising, after the conductive film forming 
step, 

a patterning step of pattering said underlying 
conductive film and said conductive film such 10 
that at least a part of an end face of said under- 
lying conductive film is substantially continued 
to at least a part of an end face of said conduc- 
tive film. 

15 

26. The method of manufacturing a semiconductor 
device according to claim 25, further comprising, 
after said patterning step, 

the step of forming a dielectric film on said con- 20 
ductivefilm. 

27. A method of manufacturing a semiconductor 
device, comprising 

25 

an insulating film forming step of forming an 
insulating film over a substrate formed with a 
semiconductor element such that said semi- 
conductor element is covered with the insulat- 
ing film; 30 
a barrier layer forming step of forming, after 
forming a connection hole in said insulating 
film, a barrier layer in a lower portion of said 
connection hole, said barrier layer having con- 
ductivity, preventing a constituent element of 35 
said conductive film formed in said connection 
hole from being diffused from the conductive 
film into the substrate, and being electrically 
connected to said semiconductor element; and 
a conductive fflm forming step of forming a con- 40 
ductive film containing a platinum group ele- 
ment in an upper portion of said connection 
hole. 

28. The method of manufacturing a semiconductor 45 
device according to claim 27, wherein said conduc- 
tive film forming step includes the steps of: 

forming an underlying conductive film contain- 
ing a platinum group element on said barrier so 
layer in said connection hole except in the 
upper portion of the connection hole; and 

forming said conductive film in the upper por- 
tion of said connection hole by an electroplat- 55 
ing method using said underlying conductive 
film as an electrode. 



29. A method of manufacturing a semiconductor 
device, comprising: 

an insulating film forming step of forming an 
insulating film over a substrate formed with a 
semiconductor element such that said semi- 
conductor element is covered with the insulat- 
ing film; 

an underlying conductive film forming step of 
forming, after forming a connection hole in said 
insulating film, an underlying conductive film 
containing a platinum group element in at least 
a lower portion of said connection hole such 
that said underlying conductive film is electri- 
cally connected to said semiconductor ele- 
ment; 

a mask pattern forming step of forming, on said 
insulating film, a mask pattern having an open- 
ing located over the connection hole in said 
insulating film; 

a conductive film forming step of forming a con- 
ductive film containing a platinum group ele- 
ment in an upper portion of said connection 
hole by an electroplating method using said 
underlying conductive film as an electrode and 
using said mask pattern; and 
an underlying conductive film patterning step of 
patterning, after removing said mask pattern, 
said underlying conductive film such that a 
region of the underlying conductive film cov- 
ered with said mask pattern is thereby 
removed. 

30. The method of manufacturing a semiconductor 
device according to claim 29, further comprising, 
between said connection hole forming step and 
said underlying conductive film forming step, 

the step of forming a barrier layer in the lower 
portion of said connection hole, said barrier 
layer having conductivity and preventing a con- 
stituent element of said conductive film from 
being diffused from the conductive film into the 
substrate. 

31. The method of manufacturing a semiconductor 
device according to claim 29, further comprising, 
after said underlying conductive film patterning 
step, 

the step of forming a dielectric film on said con- 
ductive film. 

32. The method of manufacturing a semiconductor 
device according to claim 29, further comprising, 
after said underlying conductive film patterning 
step, 
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the step of forming, over said conductive film, a 
capacitor insulating film composed of a dielec- 
tric film and an upper electrode to form a 
capacitor constituted by a lower electrode com- 
posed of said conductive film, said capacitor 
insulating film, and said upper electrode. 
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Fig. 1 
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Fig. 2 
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Fig. 3(a) 
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Fig. 3(b) 
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Fig. 4 




17 



EP0 969 506 A2 




Fig. 5(c) 
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Fig. 6 
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Fig. 7 
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Fig. 8(a) 
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Fig. 8(b) 
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Fig. 8(c) 
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Fig. 9 
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